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Plan of Talk
General questions:
¢ How much can you trust them; how good/how nec-
essary is the quenched approximation?
e How do you interpret error analyses in lattice re-
sults?
o Which quantities are:
- easy to do and done decently now?
- doable with current methods and more work?

— 1in need of new methods?

Specific topics (focusing on gquantities maximizing case
of caiculation. ease of experiment, physics impact }:
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Which quantities are easiest/most be-

lievable on the lattice?

time.

Naive treatment of | — it g gots
final state interactions wrong for multihadron states.

Moreover, mesons easier than baryons; Lightest hadrons with given

quarks have best statistics. [ easiers than B* -

Heavy quark masses. @
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“Medium™ quantities, need more work



o

How fast will unquenched errors ap-
proach those of the best current qw@m hed
errors”?

(Quenched approximation: leave out light quark loops, the effects
of sea quarks. Speeds up calculations by orders of magnitude.)
Reasonable guesses:

¢ No unforeseen problems, and no new ideas: 5 years?

e Unquenching harder than it looks now: 5-10 years?

¢ New ideas, better methods: 7

How believable is any qummhed esult?

The quenched approximation is the leading term in a loop expan-
sion, BUT higher order corrections are as hard to calculate as the
full unquenched theory.

Compare:

® Ouark models. Not first step in any systematic expansion.

® “un rules. Formally correct expansion, but no small parame-
ter.

® uenched approximation. Expansion exists, but second order
corrections as hard the complete theory.

® [ nguenched lattice calculations. The complete theory.
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Standard light quark actions give singular results at large m.

Before NRQCD and HQET
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Better way:

Discretize nonrelativistic action:

D? B
L=y [iD,+—+22 1 .. (1)
2m, 2rn,

Main methods:

e NRQCD (Lepage)

e Static approximation (Eichten and Hill)
e “Relativistic” heavy fermions (El-Khadra, Kronfeld, Macken-
zie)
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Lattice uncertainties consist of several pieces:

e Slatistics. Usually can be done reliably.

e Quenched approximation. Usually a guess, perhaps

10%. Checked to some extent by using several quan-
tities to set the physu,al scale.

e Uther s Y SLe matic uncertainties
- Perturbation theory. Can be estimated objec-
tively, e.g., Oc’.

- Finite lattice spacing. Do you get the same an-
swer at different lattice spacings?

— Excited state contamination.
— Chiral extrapolation.

- Finite volume.
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Fignre 1 Dynamical lattice caleulations of fr. Results are from MTLC, Collins ¢ al., and
CP-PACS. Quenched results are also plotted with small open svibols.

Hashimoto., Lattice 99:
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New two-ioop calculation by Martinelli and Sac

agrees.
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Figure 20 Lastiee calculation of the  quark mass. Martinelli-Sachragda’s two-ioop resnits
{Glled errcles) are plotted together with the correspouding one-loop matching results with
various definitions of coupling constaut {open svmbols). APEs UQET result with N, = 2
(square). and NRQCD result with Np = 0 {star) and with Np = 2 (plus) are also shown,
From Hashimoto, 0



recment between different moethods
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Frogure 3 10 dependence of &g 05Ge17 The statie and NRQOT data are from lentuckey,
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quark for heavy and/or Hght guarks, and filied ones are Oaj-unproved.
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Shape of amplitude can be measured experimentally; need normal-
ization at zero recoil to get V,,. Deviation from 1 known only from

sum rules.
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Prototype calculation (Hashimoto et. al.):

F(1) = 1.060 £ 0.016 £ 0.002 £ 0.0037 5! (3)
where errors are from statistics, heavy quark masses,
higher-order matching for 4. (1), and the omitted rota-
tion for h_(1), but not quenching or finite lattice
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& Much work.
e Different quantities reported. harder to compare.

e Often extrapolates to ¢ regions {¢° = ) and some-

1

times 1/ V3 regions not covered by calculations.

A better wayv: calendate the decav rate directly (not the

form factors). Compare theory and experiment inoa o
region where both are good.
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Mo 10-20% acouracy,

arar IV accuracy

Sooner if new ideas (coarse lattice methods?), later if roadblocks

(chiral extrapelation harder at higher accuracy?)




